Abstract: Every organizational change is considered a big challenge. Even having assured enough of the resources needed to drive the change successfully, there is also the necessity to choose the people who would be able to properly lead the change. Organizational network analysis provides some techniques and methods that help in visualizing the informal organizational structure. In the following paper some of these will be presented with the emphasis on showing the potentially key persons for the change that is planned to be developed. In the presented case study one large company was examined. The aim of the article is to analyse the problem of choosing the right people to drive change. In order to select potential change leaders there is an algorithm proposed which takes into consideration two aspects. Namely, the intensity of the archetypical leadership value of the actor, and the actor's position in the informal network. The results confirm that a relatively small group of change leaders can directly reach the majority of employees, which is one of the crucial factors for the change to succeed. The visualizations used in the study can shorten the time needed to find the right people to drive the change, and also reduce the probability of wrong guesses provided by the intuition.
Introduction
The demanding needs of today's global markets provide the necessity for organizations to be able to drive any kind of organizational change smoothly, with as little cost as possible [Rostek, Młodzianowski, 2018] . In order to adjust to the dynamically changing markets, organizations have to determine the most appropriate way of conducting the change which covers also the designation of the right employees who become responsible for the results of the process [Beckhard, Harris 1987] . As an unavoidable practice, organizational change is distinguished by a relatively high ratio of failure [Smith 2002 ]. There are plenty of reasons why almost every organizational change is considered a big challenge. One of the most common is the phenomenon called resistance to change that can be present as 'a tridimensional (negative) attitude towards change which includes affective, behavioural and cognitive components' [Oreg 2006, p. 74] . Factors such as employees' experiences of uncertainty and disruptions in their sense-making [Maitlis, Sonenshein 2010; Weick 1995] are crucial for the comprehension of the nature of resistance. Even though there has been relatively a lot of material written about predicting employee change reactions [Oreg et al. 2011] and in addition to that even being familiar with the common knowledge of good change management practices (e.g. [Kotter 1996 ; WhelanBerry, Somerville 2010]), followers' negative change reactions can endanger the effects of an organizational change more than any other factors. Thus the identification of the proper leaders who would be able to manage employees' uncertainty and support their sensemaking in organizational change seems to be crucial [Maitlis, Sonenshein 2010] .
Much has been written about the characteristics of a leader. Research provides descriptions of leadership skills in a variety of forms. Leaders can coach, intellectually stimulate, inspire, and motivate. They are also able to remove obstacles that might appear across the entire organizational change procedure [Saleem, Naveed 2017] . There might be a scientific gap in how to choose a group of leaders who will increase the chances for the successful change within the organization. Choosing leaders responsible for driving a change is not simple, primarily because change very often affects the entire enterprise and all of their employees [Kroenke 2016 ]. For small businesses the problem of identifying potential change leaders seems not be a problem at all. Management is almost always aware of the potential of the relatively small number of employees and can designate proper change leaders with a great probability of indicating the best possible options. The bigger the organization, the more significant the problem really becomes. The main goal of this study is to analyse the problem of selecting the right people to drive change by the usage of visual approaches based on social network analysis (SNA) methods. Using proper visualizations could help identify the potential change leaders who can make the implementation more effective, successful, and additionally those leaders could act as catalysts for change [Beckhard, Harris 1987; Burt 1999; Gronn 2002; Valente, Pumpuang 2007) .
The traditional approaches to the selection of change leaders are based on a rigid hierarchical organization structure. Employees who are positioned relatively high in the organizational hierarchy are meant to be the most appropriate [Jacobs, Russ-Eft 2001] . Such important factors as seniority, expertise, the specific roles played in the processes or projects are frequently not taken into consideration. The process of spreading the information about a change could be described as a top-down communication which reflects a formal structure. At the beginning a small group of employees (usually high-level managers) train their direct subordinate collaborators (e.g. meddlelevel managers), who in turn train the next group of employees, lower situated in the hierarchy [Zbieg, Batorski, Żak 2016] . There are obvious weaknesses within this approach. Organizational change could be described as premeditated interventions intended to modify the functioning of an organization [Lippitt 1958] . Change leaders may need to overcome resistance from other members of their organization and encourage them to adopt new practices [Kanter 1983; Van de Ven 1986] . Therefore, change could be treated as an exercise in social influence, defined as the alternation of an attitude or behaviour by an actor in response to another actor's action [Marsden, Friedkin 1993] . The aforementioned basic social mechanism, such as influence, is very often decisive in whether to adopt new information or behaviour. Research shows that people depend mainly on the communicated experiences of others that flow through interpersonal networks [Cross et al., 2007] . It has been observed that change driven by formal networks connections resulted in failure in comparison with informal social networks which were the medium for a change [Krackhardt 1993 ]. Therefore using social network analysis methods and techniques in organizational studies, sometimes shortened to organizational network analysis (ONA), might be highly beneficial in solving different management problems, and also those related to the organizational changes.
Theoretical background Social Network Analysis -Visual Approaches
The dynamical growth of the different techniques used in social network analysis is reflected in the multiple visualization approaches of the informal networks. The networks can be represented in numerous ways such as node-link diagrams, matrices, and summary tables [Foucault Welles, Xu 2018] . A wealth of mathematical literature exists regarding the visualization approaches used in social networks studies (e.g. [Battista et al. 1998 ]). There is even research focused on the aesthetic aspects of networks layouts and how the different forms can facilitate accurate interpretations of network graphs (e.g. [Dunne, Schneiderman 2009; Purchase 1998 ]). Nevertheless, only few studies analyse what impact visualization can have and how to use different interpretations in order to receive the information desired within some context of research. For instance [McGrath et al. 1997] tried to achieve some results in this area by investigating how various graph layouts representing the same network influenced students' inferences about social grouping and the importance of various actors within the network. It is important to note that this relatively well educated group of young people who had just finished a graduate course in organizational theory, were manipulated by the way the graphs were structured and organized -different layouts were presented. The impact on students' inferences was really significant.
As well as having the possibility to represent networks in textual or tabular forms, one of the most common ways of visualizing organizational networks is the graphic approach. Visualizing social networks requires gathering information about people in the network and their relationships [Sathiyanarayanan, Burlutskiy 2015] . Among the graphic forms the most commonly used visualizations are graphs. They are powerful tools for social network visualization, their meaning is clear and this technique is well constituted in the literature, consistently used in research for a long time [Herman et al. 2000] . There has been a number of different graph-based layouts proposed [Kobourov 2012] . Conceptually social network analysis depicts graphs as objects where network nodes are people connected by various types of relationship (trust, communication, flow of information etc.) which is represented by the graph edge. Graph visualization offers many advantages such as scalability and simplicity, at least from the conceptual point of view. Nevertheless, probably the main purpose of using graphs for social network visualizations is the existence of a well-developed, formal graph theory for the analysis of social networks [Sathiyanarayanan, Burlutskiy 2015] .
Although graphs are powerful and commonly used tools for social network analysis, there are other visualization types which show the usefulness for social network visualizations (e.g. Venn or Euler diagrams, and treemaps [De Chiara, Erra, Scarano 2003; Frantz, Carley 2005] . Venn diagrams were used for the graphic representation of hierarchical file systems [De Chiara, Erra, Scarano 2003 ]. This representation places nodes on the surface inside Venn curves which allows users to use the proximity between categories and files to emphasise closeness and similarity. Another visualization type used to present social networks, already mentioned in this paragraph and called treemap, allows to visualize hierarchical data. So far a few visualizations have been proposed depending on the context and applications. One of the proposals used to present social network settings, shows the number of emails sent by the actor during a particular month. In this visualization a rectangle depicts a month, whereas the size of the rectangle is proportional to the number of emails sent by the given person [Frantz, Carley 2005] .
Social network visualizations serve mainly two goals [Sathiyanarayanan, Burlutskiy 2015] :
• Identifying the actors of a network: the need to understand who the actors of the network are. The process of the identification the actors in the network must ensure the ability to distinguish actors easily. The general idea is to represent the actor as a node, a circle, or a rectangle.
• Understanding relationship in a network: the need to show the connections between the actors that are in some relationship. Sometimes it is necessary to show the direction of a relationship, more often it is assumed that the connection is reciprocal. For example, an edge or an intersection* might be a visual representation of such a relationship. In this paper we take into consideration both the aforementioned aspects. We concentrate on the identification of the actors -potential change leaders -while taking into account that the position of the best leaders depends on the relationships they are involved in.
Potential Change Leader -Characteristics
Managing the change is a challenge for every manager. The personal sphere plays a key role in the entire change process. This may appear to be problematic, yet it is crucial for the change to be permanent [Kroenke 2016 ]. Combined with the appropriate soft skills it can ensure that the change would be properly propagated and the diffusion of information not only reaches all employees but in addition overcomes the resistance against the organizational change. Such a characteristic is demanded by enterprises across the global markets from their change leaders [Sobka 2014 ]. There are competences that are required from change leaders such as personnel management, especially coaching, motivating, supporting cooperation within the team. These skills differentiate change leaders from traditional managers. Contemporary organizations undergo constant changes. In order to process them successfully, an organization needs leaders within its structure. Leaders create visions, motivate and inspire employees towards the realization of the change, therefore they can be described as change leaders [Kroenke 2016 ]. Without change leaders, management efficiency decreases. Thus replacing managers is a usual step taken by companies which confirms why informal networks are more important from the rigid hierarchical structures in the context of organizational change.
A change leader is a person who indicates the direction of change and chooses the way in which change will be implemented, and in addition knows how, when and what tools must be used in order to keep the people motivated, which can help in successful change completion [Kroenke 2016) ]. In the change process, most important are people who are affected by the change and who participate in the change, at least at some part. A leader must engage everyone. Organizational change is not only some trivial alternation such as logotype modification. Primarily it is a transformation of the key processes in crucial business areas which is usually followed by the necessary change in the mentality of the people involved [Kroenke 2016 ]. The definition provided is very close to the role of an archetypical leader, which is one of the potential roles, that are defined in the organizational networks among organizers and entrepreneurs [Bełz 2011] . In that interpretation, a leader is characterized as a person who supports engagement, motivates, modifies attitude, gives the impulse to act and develop a common understanding of the results to be obtained. In this paper we focus on this interpretation of change leaders.
For the manager who is responsible for organizational change, communication is often a key factor. Communication is directly linked with such basic management functions as planning, organizing, leading and controlling [Ober 2013 ]. Managers usually drive the organization realizing the aforementioned functions through the communication channels. The understanding and the attitude towards the change depends on the information that reaches people in the enterprise. A well-informed employee works more efficiently and achieves better results. Knowledge of how the information is spread in the organization is crucial, which explains why visualizing an informal structure can help in identifying the flow of the communication. There is a number of basic organizational networks, therefore from different perspectives we can observe what the informal structures may look like. Among the basic organizational network kinds there are two especially worth analysing. Namely, the communication network and the information network [Wawrzynek 2017] . As was previously described, a communication network is an informal organizational structure, defined on the existing general or contextual patterns in the organization. An innovatively managed enterprise must be aware that an important role in a company's success is played not only by qualified employees but also by engaged people, together with well educated, efficient managers, who act as natural leaders [Jasińska 2010 ]. In analysing the key features any change leader should have, it is easy to state that a universal set of competences is impossible to be obtained. Nevertheless, the term 'leadership' is unavoidably worth considering. The contemporary combination of leadership and management skills is of high importance and is desirable by companies [Willmanowicz 2012 ]. An efficient, experienced manager is able to take advantage of both aspects, mixing them in the appropriate proportions depending on the needs. This characteristic is very close, and in some places complementary to the one proposed by Bełz and was mentioned already above [Bełz 2011 ].
Pin-pointing employees with the highest value of archetypical leadership is one aspect of the process of the identification of potential change leaders. The second part is linked with the term 'network coverage' [Zbieg, Batorski, Żak 2016] and is connected with the term reachability and will be described shortly. Reachability is a concept of the diffusion mechanisms depicting for instance the flow of information and has been present in social network analysis since at least 1955 [Katz, Lazarsfeld 1955] . There have been numerous implementations of this idea in different areas, such as communications study [Goel et al. 2012; Watts, Dodds 2007] , behavioural research [Valente, Pumpuang 2007] , and marketing [Godes, Mayzlin 2009] .
Organizational change is always associated with the process of exchanging information, teaching new skills, and introducing some practices that alternate the way of working across the company. Adoption to change requires a flow of information, therefore knowledge about the potential ways the information can directly or indirectly reach others in the network seems to be one of the most important issues to become familiar with, because for the purposes of change it is crucial to deliver first-hand, verifiable and stable information, and direct contact seems to be enough for the goals of this study [Zbieg, Batorski, Żak 2016] . A situation when the majority of employees dispense direct, first-hand information and the opportunity to reach the person who could simplify and facilitate the adaptation to the change, is a very desirable state. In this context, network coverage will demonstrate the proportion of the actors reached directly by the given group of people to the number of all the actors in the network [Żak, Zbieg 2014] .
Methods
The research was conducted as a case study with the usage of the Netwisor 1 system which is a dedicated tool for organizational network analysis and is based on 1 Netwisor is an authored system, which allows conducting research based on online questionnaires. It has a built-in analytical module based on social networks' measures and a number of social networks' visualizations. Netwisor implements authors algorithms rooted in graph theory, however popular algorithms used in other Stanford University research are implemented as well. More information regarding the broader SNAP (Social Network Analysis Project) project can be found on http://snap.stanford.edu/. the survey study. All data analysis and visualizations used in this paper were obtained from Netwisor. Data for the purposes of this study were collected at a large company operating in Poland in the infrastructure branch. More than 400 respondents participated in the questionnaires. Internal Netwisor mechanisms dedicated to monitor the process of collecting data helped to achieve the relatively high response rate of 80%. Table 1 shows the basic properties of the informal networks used in this study. Two aspects were taken into consideration while constructing the algorithm for the identification of the potential change leaders through social network visualizations:
• intensity of the archetypical leadership value of the actor, • actor's position in the informal network.
The idea is to cover the majority of the employees -more than 50%, ideally all of them, by the lowest possible number of change leaders who in addition to that condition will hold a strong archetypical leadership value.
The approach used to measure what impact the selected group of change leaders can have on their directly connected employees, was inspired by the research conducted in the area of artificial neural networks (ANN). Namely, the impact of the communication or the information transferred from the leaders group to their direct contacts in the communication or information network respectively, is the sum of the products of intensity of the archetypical leadership value of an actor and the number of direct connections of that actor within the given network. The following formula is used in order to calculate the value of leadership impact:
where k -number of actors, L i -intensity of the leadership value of the i-th actor, I i -indegree of the i-th actor. That concept is presented in Figure 1 and is a straight analogy to the signals flow within artificial neural networks. In this scenario, the total impact of the three chosen actors A, B, and C is equal to 0.9x1 + 0.5x1 + 0.4x2 = 2.2.
Fig. 1. Impact value calculation concept
Source: author's own work.
In the first step of analysis the employees with the strongest archetypical leadership level were selected. The arbitrary number of selected strongest leaders was chosen so as to cover more than 50% of all employees. Secondly, we analysed two informal networks, the choice was based on the literature study and includes the communication network and the information network. The visualization used for presenting these two networks is the well-known graph drawing visualization algorithm of Fruchterman--Reingold [Fruchterman. Reingold 1991] . This algorithm aims to keep the adjacent vertices close to each other, while ensuring that the vertices are not too close to each other [Kobourov 2012 ]. By virtue of belonging to the force-directed family of graph drawing algorithms, the Fruchterman-Reingold algorithm tends to position nodes on the surface in order to prevent some invariables regardless of the randomly chosen started points for vertices. In general, force-directed layouts such as Fruchterman-Reingold or Kamada-Kawai [Kamada, Kawai 1989 ] are based on the network position (e.g. centrality of the node) and therefore could be potentially useful for the identification of the important actors in the networks.
Furthermore, a comparison is made between the originally chosen, strongest archetypical leaders and the important actors from either the communication or information perspective. Actors who could be identified both as strong leaders, and important in view of communication and information flow are classified as searched change leaders with a relatively good position in both the analysed informal networks. Finally, we exchanged the weakest originally selected archetypical leader for the most important actors from the communication and information networks, yet not included in the originally selected archetypical leaders. Choosing the most important actors in the communication network and information network is based on the betweenness centrality measure, as it was shown that this measure could allow reaching relatively high network coverages [Zbieg, Batorski, Żak 2016] . The process of exchanging the weakest archetypical leaders proceeds until there is a significant drop in the leadership impact of the selected group of potential change leaders on the directly connected actors.
Results
In the first step employees with strongest archetypical leadership level were selected as shown in Figure 2 , where a presents all the actors in the organization, whilst b shows 20 actors with the highest value of leadership intensity. The visualization used to show the strongest archetypical leaders is based on two features. One feature groups nodes within slices. The criterion used for grouping could be chosen arbitrary and often denotes one of the attributes of the actors, e.g. membership of a department or a team, location or seniority. The second feature, more useful in the context of the quick identification of the strongest leaders, puts nodes that have more connections, especially across different slices, closer to the centre of the graphic. Additionally, the size of the node is strictly proportional to the intensity of the archetypical leadership value. Table 2 shows the values of the archetypical leadership intensity and indegree values for both considered informal networks. The values describing the intensity of the leadership feature were normalized in the context of the entire organization in a way that the strongest archetypical leadership feature of the actor is denoted by value 1, other values show the Source: author's own work.
Fig. 2. Archetypical leaders
Fig. 3. Communication network
Fig. 4. Information network
Source: the author's own work.
proportion of the strongest value. By virtue of the necessary anonymization of the data, no real names are included. In the Leadership Intensity column, the intensity of the archetypical leadership level is presented in non-increasing order for the strongest 20 leaders in the organization. Choosing the top 20 archetypical leaders gives network coverage equal to 51% in the communication network. It is worth mentioning that selecting just 20 employees, which is roughly 4%, still allowing to reach the majority of the organization by the direct links.
The second step of the process includes the visualization of the communication network and information network. Figures 3 and 4 display the communication network and information network respectively. In both aforementioned figures the blue arrows indicate the position of the actors who are important in context of the communication or information but are not included in the top archetypical leaders. In these two figures the size of the node denotes the value of normalized betweenness, normalized to the biggest betweenness value in the communication network and information network respectively. Furthermore, for the 20 actors with the highest betweenness values in the communication network, the network coverage is significantly higher than the network coverage made by the top 20 archetypical leaders and reaches 56%. The idea to improve the combinations of network coverage and leadership impact for the selected originally 20 actors, based on their highest leadership value, require replacing the weakest actors from Table 2 by the strongest communicators and informers. The initial approach selects both strong communicators and informers if there are any. Figures 5 and 6 demonstrate how network coverage and leadership impact alter by replacing the given number of the weakest originally selected archetypical leaders by the strongest communicators and informers. The results show that by the replacement of the five weakest originally selected archetypical leaders, the network coverage increases from 51% to 53% for the communication network and from 41% to 45% for the information network, whereas the leadership impact remains almost on the same level. For the communication network leadership impact decreases by only 0.7%, while for the information network we even notice some improvement from 147 to 153, which is more than 4%.
Discussion
It is worth noting that it is always very important to understand the context of a change. Sometimes when organizational change concerns the improvement of some process, the crucial point of interest could be the collaboration network, for instance. In this situation the change is characterized as an evolutionary phenomenon rather than a revolutionary one. The change could be considered revolutionary in terms of implementing a completely new initiative, based on the innovative way of doing things. Those two described organizational changes are definitely different in nature, therefore should be treated differently. There could be the need to deeply understand how the employees trust each other in order not to boycott the initial preparations to the a challenging innovation, which is going to alter longused practices, break common processes, and force the changes in the way of the employees' thinking. For the reasons mentioned, there could be potentially different needs for selecting proper change leaders. Another important aspect to mention is the group of employees that ought to be covered by the change. Very often an organizational change is dedicated not to the all the employees but only to a specific group of them: some departments, silos, or projects. In such a situation more sophisticated algorithms, including knowledge about the context of the change, must be used in order to identify the proper change leaders. Figure 7 sheds some light on two of the possible networks (the collaboration network and trust network) that could be taken into consideration depending on the context of the organizational change.
One of the possible future research directions includes applying the presented approach to a larger number of companies. Even though the analysed company is rather extensive research, it could take into consideration even bigger enterprises and definitely more of them. The other aspect worth further research is the assumption made at the beginning of this study, namely to consider a change as a one step process. Even though the initial phase of the change analysed in this paper could be an explanation for such assumptions, it is important to extend the research to include more than one step of diffusion. Moreover, the same assumption is applied to the term 'network coverage'. Potentially, reachability might be extended not only to the direct connections between the actors.
The entire study is focused on the initial phase of the organizational change. This opens the field for further research. Probably during the implementation of a change some other informal networks, different than one of those mainly considered in the study, would play a more crucial role and therefore ought to become a subject for future research.
Nevertheless, organizations that would like to increase the chances of a successful transformation must be aware of informal networks that exist beneath their formal, hierarchical structures. The ability to gain benefits from the existence of such layers seems to be an advantage in modern highly competitive markets. The presented approach of identifying potential change leaders seems to be useful and might be a tool that would be used by companies preparing organizational change. However, some practical research should be conducted in the future, involving the analysis of the complete process of real organizational change.
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